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(54) Occupant protection device of vehicle 

(57) There is disclosed a curtain type airbag device 
A in which an airbag is disposed on each of left and right 
sides of the vehicle and is extended from a roof side rail 
5 downward so as to cover an inside of each of side win- 
dows when an impact load is acted on a side of the vehi- 
cle, whereby an improvement of a vehicle occupant 
protection device performance and a manufacturing 
cost reduction are achieved by reducing an amount of 
seams on the airbag while securing a restraint perform- 
ance for the occupant by providing a tension to the 
expanded airbag in the longitudinal direction. A front 
tether and a rear tether are provided for connecting a 



front lower end and a rear lower end of the airbag to a 
front pillar and a quarter pillar respectively. A through- 
hole is formed in a rear side of an expanding portion dis- 
posed on a front end of the airbag, and an end of the 
front tether is wound around the expanding portion from 
a front right side of the expanding portion , and is 
passed through the hole to be returned back frontward 
at an opposite left side of the expanding portion, and is 
sewn to the seams of the airbag together with being 
wound around on the leftside of the expanding portion. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an occupant 5 
protection device, such as an airbag, for protecting an 
occupant when an impact load is acted on a vehicle, 
and, in particular, to one type of airbag which is 
expanded along a side window to protect an occupant's 
head and to prevent the occupant from being thrown out 
of a compartment of the vehicle. 

BACKGROUND OF THE INVENTION 

[0002] Heretofore, as to such a occupant protection 
device of a vehicle, there has been known a device, for 
example, disclosed in Japanese Patent Laid-open Pub- 
lication No. Hei 10-166988, in which a longitudinally 
extendable airbag is folded and the folded airbag is 
housed along a front pillar and a roof side frame to be 
expanded downward along a side window in the form of 
a curtain when an impact load is acted on a side of a 
vehicle. 

[0003] In the device described above, a front end of 
the airbag is connected to a lower side of the front pillar 
of the vehicle, while its rear end is connected to an 
upper side of a quarter pillar. The airbag is also divided 
over the front end to the rear end into a plurality of small 
bags (expanding portions) which may extend approxi- 
mately vertically with having respective cylinder shapes, 
i.e. a curtain-like shape as a whole, in the expanded 
condition of the air bag. Expanding these plurality of 
small bags respectively makes the airbag shorten in the 
longitudinal length as a whole. This results in a tension 
in the longitudinal direction to enable the airbag to 35 
restrain a head or the like of an occupant. 
[0004] Further, among the plurality of small airbags 
in this conventional airbag described above, the small 
bags disposed rearward with respect to a center pillar of 
the vehicle are adapted to have particularly large size in 40 
diameter than others. This may improve the restraint 
performance to an occupant because, for example, 
when an occupant's head which is moving toward out- 
side of the compartment is restrained by the airbag, the 
small bags having larger diameter may be caught by the 45 
center pillar to control a displacement of the airbag. 
[0005] However, since the conventional airbag is 
made by sewing to divide it into the plurality of small 
bags, there is a problem that a shock absorbing per- 
formance cannot sufficiently be obtained in the vicinity so 
of seams of the airbag and an overall occupant protec- 
tion performance is also lowered. In addition, since a 
strength of the airbag is lowered in proportion to 
increased seams, there is the possibility that the seams 
is torn during its expansion, resulting in deterioration of 55 
the occupant protection performance. 
[0006] Further, in addition to a sewing operation for 
making such an airbag, it is also necessary to apply an 



2 

sealant to the seams for preventing a expansion gas 
from leaking through the seams. This additional meas- 
ure requires significant labors and times, and results in 
remarkably increased manufacturing cost. 

SUMMARY OF THE INVENTION 

[0007] In view of the problems described above, the 
present invention was made. An object of the present 
invention is to enhance the occupant protection per- 
formance and the cost reduction through means of 
reducing seams of an airbag with maintaining the occu- 
pant restraint performance by exercising ingenuity in a 
structure for giving a tension in the longitudinal direction 
to the airbag during its expansion, in a curtain type air- 
bag expanding to cover an inside of a side window when 
an impact is acted on a vehicle. 

[0008] Another object of the present invention is to 
improve the curtain airbag type of occupant protection 
device described above by means of introducing a new 
layout in a expansion of the airbag so that the impact 
load at the time when the occupant secondarily collides 
with the rear pillar disposed on the rear side of the win- 
dow can be absorbed to surely protect the occupant. 
[0009] To achieve the aforementioned object, the 
present invention provides connecting members for 
connecting front and rear ends which are located at a 
lower portion of an airbag to a body of a vehicle body 
respectively, and a slack absorbing device applied to at 
least one of the connecting members for absorbing a 
slack of the connecting members in the expanded con- 
dition of the airbag. 

[0010] In particular, according to one aspect of the 
present invention, there is provided an occupant 
restraint equipment of a vehicle on the presumption that 
the vehicle includes a front side pillar and a rear side pil- 
lar disposed on front and rear sides of a side window of 
the vehicle respectively, and a roof side rail longitudi- 
nally extended to connect respective upper ends of the 
both pillars each other, and the occupant protection 
device includes an airbag which is folded and housed in 
the range from the front side pillar to the rear side pillar 
through the roof side rail so that the airbag is expanded 
to cover an inside of the side window when an impact 
load is acted on a side of the vehicle. Thereat, the occu- 
pant restraint equipment of the present invention com- 
prises an upper edge of the airbag fixed to at least the 
roof side rail, a front connecting member for connecting 
a front lower end of the airbag to a body of the vehicle 
positioned frontward more than the side window, a rear 
connecting member for connecting a rear lower end of 
the airbag to a body of the vehicle positioned rearward 
more than the side window; and a slack absorbing 
device attached to at least one of the front and rear con- 
necting members for absorbing a slack in the connect- 
ing members in the expanded condition of the airbag. 
[0011] According to the aforementioned structure, 
the airbag primarily housed in the roof side rail of the 
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vehicle is extended downward to cover the inside of the 
side window when an impact load is acted on the side of 
the vehicle. On this way, the folded airbag is extended 
downward as a whole, and a slack of the connecting 
members fixed to the lower side of the airbag is 
absorbed by the slack absorbing device, so that the 
front and rear connecting members may provide a suffi- 
cient tension to the air bag by longitudinal pulling of the 
connecting members. Thus, it is no longer required to 
divide the air bag into a plurality of small bags as the 
conventional airbag. This enables to decrease the 
seams of the airbag to which an occupant would be con- 
tacted in the expanded condition of the airbag, and so 
the occupant protection performance can be improved. 
In addition, the manufacturing cost can be reduced due 
to the reduced seams. 

[0012] According to a preferred embodiment of the 
invention, the slack absorbing device may include an 
expanding portion which is formed in at least one of the 
front and rear ends of the airbag and is expanded in the 
expanded condition of the airbag, and at least one of the 
connecting members includes an end which is fixed to 
at least an area where the expanding portion is laterally 
expanded. In this embodiment, when the expanding 
portion disposed in the end of the airbag is expanded in 
the expanded condition of he airbag, the end fixed to the 
expanding portion is laterally displaced so that a longi- 
tudinal length of the connecting member may be short- 
ened to absorb its slack. 

[0013] According another preferred embodiment of 
the invention, the slack absorbing device may include 
an expanding portion which is formed in at least one of 
the front and rear ends of the airbag and is expanded in 
the expanded condition of the airbag, a hole which is 
formed in the airbag positioned in the central direction 
more than the expanding portion with laterally penetrat- 
ing the airbag, and at least one of the connecting mem- 
bers includes an end which is passed through the hole 
from either of the left and right sides of the expanding 
portion to the opposite side of the expanding portion 
and is fixed at the opposite side of the expanding por- 
tion with being wound around the opposite side of the 
expanding portion. 

[0014] In this embodiment, when the expanding 
portion disposed in the end of the airbag is expanded in 
the expanded condition on the airbag, the end portion of 
the connecting member is rolled up by the expanding 
portion. Therefore, if a slack of the connecting member 
is relatively large, the slack is desirably absorbed so that 
a sufficient tension may be provided to the airbag. Since 
the tension provided from the connecting member to the 
airbag is dispersed over a surrounding area of the 
expanding portion to avoid a load concentration, a pos- 
sible breakage of the airbag can be prevented. 
[0015] According to a further preferred embodiment 
of the present invention, the slack absorbing device may 
be disposed between at least one of the connecting 
members and a body of the vehicle. In this embodiment, 



it is unnecessary to process the airbag for providing the 
slack absorbing device. Thus, the increased seams and 
complicated structure of the airbag caused from this 
processing can be avoided. As a result, possible deteri- 

5 oration of the occupant protection performance and 
increased cost of the airbag can be prevented. 
[0016] In this embodiment, at least one of the con- 
necting members may include a first end connected to 
the airbag and a second end connected to the body, the 

w first end being disposed upward more than the second 
end in the housed condition of the airbag, and the slack 
absorbing device may include a guide member for guid- 
ing the at least one of the connecting members with 
making the at least one of the connecting members 

15 bend when the first end is moved downward in the 
expanded condition of the airbag. 
[0017] Without the slack absorbing device, since 
the first end of the connecting member is located 
upward more than the second end of the connecting 

20 member when the airbag is housed and is moved down- 
ward in the expanded condition of the airbag, a distance 
between both the ends of the connecting member in the 
expansion of the airbag becomes shorter than that in 
the housed condition of the airbag, and this causes a 

25 slack of the connecting members. In this embodiment of 
invention, since the connecting member is guided by the 
guide member to make the connecting member bend 
when the first end of the connecting member is moved 
downward in the expanded condition of the airbag, the 

30 slack of the connecting member can be absorbed. 

[0018] In this preferred embodiment, the guide 
member may include a bank portion for pushing the at 
least one of the connecting members in the inward 
direction with respect to a compartment of the vehicle in 

35 the expanded condition of the airbag. This causes the 
connecting members to be pushed and bent by the 
bank portion in the middle of the expansion of the air- 
bag. Thus a slack of the connecting members can be 
absorbed. In addition, since the airbag is wholly pushed 

40 in the inward direction with respect to a compartment 
through the connecting members, the occupant 
restraint performance can be enhanced. 
[0019] According to another preferred embodiment 
of the present invention, wherein the connecting mern- 

45 ber may include an end connected to the airbag side, 
the end of the connecting member being sewn to the 
airbag at or in the vicinity of a seam of the airbag. in this 
embodiment, even when the end of the connecting 
member is sewn to the airbag in the vicinity of the 

so seams, no deterioration of the shock absorbing per- 
formance of the airbag is caused because of a primi- 
tively low shock absorbing performance of the airbag 
near the seams. Further, when the connecting member 
is sewn to the airbag precisely at the seam, the strength 

55 reduction of the airbag caused from the sewing can be 
avoided. 

[0020] According to a further preferred embodiment 
of the present invention, each of the front and rear con- 
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necting members may be housed between a pillar of the 
body and an Interior member of the pillar in the housed 
condition of .the airbag. This improves the commercial 
value since the connecting members are hidden behind 
the interior member. 

[0021] According to a still further embodiment of the 
present invention, the vehicle may include: a plurality of 
seats disposed longitudinally, the plurality of seats hav- 
ing a front seat and a rear seat positioned rearward with 
respect to the front seat; a front pillar positioned at a for- 
ward position relative to the front seat; and a quarter pil- 
lar extending from the vicinity of the lateral side of the 
rear seat to the rear of the rear seat, wherein the front 
side pillar may be the front pillar, the rear side pillar may 
be the quarter pillar and wherein the airbag may be 
expanded to cover a side window disposed between the 
front pillar and the quarter pillar. In this embodiment, the 
airbag can be extremely widely extended in the longitu- 
dinal direction. Generally, when the length in the longitu- 
dinal direction is increased, the occupant restraint 
performance in the lateral direction naturally tends to be 
reduced. Therefore, absorbing the slack of the connect- 
ing member to provide a sufficient tension to the airbag 
can be quite effective to enhance the occupant restraint 
performance. 

[0022] According to another aspect of the invention, 
there is provided, in addition to one expansion area to 
be expanded to cover the side window, another airbag 
expansion area which is located on a rear side of the 
expansion area and is expanded over the rear pillar 
positioned on a side of a compartment of the vehicle, so 
that the impact at the time when an occupant collides 
with the rear pillar can be absorbed. 
[0023] Particularly, in an occupant protection device 
for a vehicle, wherein the vehicle includes: a front pillar 
and a rear pillar disposed on a front and rear sides of a 
side window of the vehicle respectively, the front and 
rear pillars being extended approximately vertically 
along the front and rear edges of the side window 
respectively; and a roof rail extended in the longitudinal 
direction of the vehicle to connect respective upper 
ends of the front and rear pillars, the occupant protec- 
tion device comprises: an airbag including a first expan- 
sion area which is housed along at least the roof rail and 
is expanded into a compartment of the vehicle to cover 
the side window when an impact load is acted on a side 
of the vehicle; and a connecting member connected 
between a rear portion of the first expansion area of the 
airbag and a body of the vehicle positioned on a rear 
side of the first expansion area for providing a longitudi- 
nal tension to a lower portion of the airbag in the expan- 
sion of the airbag, wherein the airbag includes a second 
expansion area which is expanded rearward more than 
a fixing portion where the connecting member is fixed to 
the airbag. 

[0024] According to the structure described above, 
in the case where and the airbag is expanded when an 
impact load is acted on the side of the vehicle, the first 



expansion area is expanded to cover the side window of 
the vehicle, and at the same time the longitudinal ten- 
sion is provided to the lower portion of the airbag by the 
connecting member which is connected between the 

5 rear end of the first expansion area and the vehicle 
body. Thus, the impact at the time when an occupant 
secondarily collides with a window glass can be 
absorbed, or the occupant can be prevented from being 
thrown out of the window. 

w [0025] In addition, since the second expansion area 
of the airbag is expanded to be disposed rearward more 
than the fixing portion where the connecting member is 
fixed to the airbag, the impact at the time when an occu- 
pant secondarily collides with a body member of the 

15 vehicle in an area positioned rearward more than the 
fixing portion where the connecting member is fixed to 
the airbag, for example the rear pillar disposed on the 
rear side of the window, can be absorbed and mitigated 
by the second expansion area. Since the second expan- 

20 sion area is expanded rearward more than the fixing 
portion where the connecting member is fixed to the air- 
bag and accordingly is a soft area where no tension is 
provided by the connecting member, the second expan- 
sion area provides an impact absorbing characteristic 

25 superior to that of the first expansion area where the 
tension by the connecting member is provided. Thus the 
impact on the occupant can be surely absorbed. 
[0026] According to still another aspect of the 
present invention, in occupant protection device for a 

30 vehicle, wherein the vehicle includes: a front pillar and a 
rear pillar disposed on a front and rear sides of a side 
window of the vehicle respectively, the front and rear pil- 
lars being extended approximately vertically along the 
front and rear edges of the side window respectively; 

35 and a roof rail extended in the longitudinal direction of 
the vehicle to connect respective upper ends of the front 
and rear pillars, as same as the first invention, the occu- 
pant protection device comprises: an airbag including a 
first expansion area which is housed along at least the 

40 roof rail and is expanded into a compartment of the 
vehicle to cover the side window when an impact load is 
acted on a side of the vehicle; and a connecting mem- 
ber connected between a rear end of the airbag and a 
body of the vehicle positioned on a rear side of the air- 

45 bag for providing a longitudinal tension to a lower por- 
tion of the airbag in the expansion of the airbag, wherein 
the airbag includes a second expansion area which is 
expanded into a compartment of the vehicle positioned 
rearward more than an exit portion through which the 

so first expansion area is expanded into the compartment 
of the vehicle. 

[0027] According to the structure described above, 
since the second expansion area is expanded into the 
compartment of the vehicle positioned rearward more 
55 than the exit through which the first expansion area is 
expanded into the compartment of the vehicle to cover 
the side window in the expansion of the airbag, the 
impact on the occupant at the time when the occupant 
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secondarily collides with the rear pillar positioned on the 
rear side of the window can be absorbed and mitigated 
by the second expansion area. 

[0028] In a preferred embodiment of the present 
invention, the second expansion area of the airbag is 
adapted to be expanded to cover at least a part of the 
rear pillar. This invention provides the same effect as 
the first invention. 

[0029] In another preferred embodiment of the 
present invention, the rear pillar may be adapted to dis- 
pose on a side of an occupant seated on a rear seat of 
the vehicle; and the second expansion area of the air- 
bag may be adapted to be expanded to overlap with the 
rear pillar when viewed from a side of the vehicle. Thus 
the reaction force at the time when an occupant collides 
with the rear pillar after the side impact is acted on the 
body ob the vehicle can be received by the rear pillar to 
surely absorb the impact. 

[0030] In further embodiment of the present inven- 
tion, a rear pillar trim may be provided to cover the rear 
pillar positioned on a side of a compartment of the vehi- 
cle, wherein a rear end portion of the first expansion 
area of the airbag, the second expansion area of the air- 
bag and the connecting member are housed at least in 
the rear pillar trim and may be adapted to be expanded 
with running out from a front end of the rear pillar trim to 
an outside of the rear pillar trim in the expanded condi- 
tion of the airbag. Thus, the airbag can be housed with 
excellent appearance of the vehicle interior since the 
airbag to be expanded at the front side and rear side of 
the front end of the rear trim can be hidden behind the 
trim when the airbag is in its housed condition. 
[0031] In still another embodiment of the present 
invention, the second expansion area of the airbag may 
be adapted to be expanded earlier than the first expan- 
sion area. According to the above structure, the occu- 
pant can be surely protected further even when the rear 
pillar is protruded more toward the inside of the com- 
partment of the vehicle comparing with the window and 
is located closer to the occupant, because the second 
expansion area positioned corresponding to the rear pil : 
lar is expanded earlier than the first expansion area 
positioned corresponding to the window. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] 

Fig. 1 shows an structure of a curtain type airbag 
device in the expanded condition of an airbag 
according to one embodiment of the present inven- 
tion, 

Fig. 2 is a view equivalent to Fig. 1 in the housed 
condition of an airbag, 

Fig. 3 is a cross sectional view taken from the plane 
of the line Ill-Ill in Fig. 2 showing a structure for fix- 
ing an airbag to a roof side rail, 
Fig. 4 is a cross sectional view taken from the plane 



of the line IV-IVin Fig. 1, 

Fig. 5 is a cross sectional view taken from the plane 
of the line V-V in Fig. 1 , 

Fig. 6 is a partial enlarged view showing a structure 
5 where a front tether is attached to a front pillar, 

Fig. 7 is a cross sectional view taken from the plane 
of the line VII-VII in Fig. 1, 

Fig. 8 is a cross sectional view taken from the plane 
of the line Vlll-Vtll in Fig. 1, 

w Fig. 9 is a view equivalent to Fig. 1 according to 
another embodiment of the present invention, 
Fig. 10 is a perspective view showing an arrange- 
ment where a rear tether is housed in a rear pillar of 
a vehicle in the housed condition of an airbag, 

15 Rg. 11 is a view equivalent to Fig. 1 0 showing the 
expanded condition of an airbag. 
Rg. 1 2 is an elevation a! view showing an airbag of 
an occupant protection device according to another 
embodiment of the present invention, illustrating in 

20 an expanded condition of the air bag viewed from 
an inside of a compartment of a vehicle, 
Rg. 13 is an elevational view similar to Rg. 12 illus- 
trating in a housed condition of the airbag of the 
occupant protection device, 

25 Rg. 14 is a cross sectional enlarged view taken 
from the plane of the line XIV-XIV in Fig. 12, 
Fig. 15 is a cross sectional enlarged view taken 
from the plane of the line XV-XV in Fig. 13, 
Fig. 16 is a cross sectional enlarged view taken 

30 from the plane of the line XVI-XVI in Fig. 1 3, 

Rg. 17 is a cross sectional enlarged view taken 
from the plane of the line XVII-XVII in Rg. 12, 
Rg. 18 is a cross sectional enlarged view taken 
from the plane of the line XVIII-XVIII in Fig.13, 

35 Rg. 19 is a cross sectional enlarged view taken 
from the plane of the line XIX-XIV in Fig. 12, and 
Fig. 20 is a cross sectional enlarged view taken 
from the plane of the line XX-XX in Fig. 12. 

40 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] With reference to the drawings, preferred 
embodiments of the present invention will be described 
45 hereinafter. 

EMBODIMENT 1 

[0034] Fig. 1 shows a curtain type airbag device A 
so (an occupant protection device of; a vehicle) according 
to one embodiment of the present invention. The curtain 
type airbag device A is mounted on a right side body of 
three box type of a passenger vehicle 1 . As shown, the 
airbag device is expanded to protect occupants when 
55 an impact which is higher than a predetermined value is 
acted on a right side of the vehicle 1 load. The curtain 
type airbag device A is also mounted on a left side body 
of the vehicle, but not shown. 
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[0035] In the right side body of the vehicle 1 , a front 
pillar 2 connected to an enginehood(not shown), a 
center pillar 3 and a quarter pillar 4 are disposed in the 
order from a front side of the body (i.e. the left side in the 
drawing). A roof side rail 5 longitudinally extends to con- 5 
nect the front pillar 2, the center pillar 3 and the quarter 
pillar 4 at their upper ends each other. A front door 6 and 
a front side window 7 are disposed between the front 
pillar 2 and the center pillar 3, while a rear door 8 and a 
rear side window 9 are disposed between the center pil- 10 
lar 3 and the quarter pillar 4. 

[0036] As shown in Fig. 2, an airbag 1 0 is folded 
and housed in the range from a front end of the roof side 
rail 5 to the quarter pillar 4. An airbag 10 is made by 
sewing two sheets each other around their peripheries is 
to form into a large bag. In a side view in the expanded 
condition of the airbag 10 as shown in Fig.1, the airbag 
has a shape extending longitudinally . A front edge of 
the airbag approximately straightly extends in the verti- 
cally direction, while a rear edge of the airbag is formed 20 
in a slant portion which extends more rearward as going 
downward. An opening is formed in a lower end of the 
slant portion, and a hose 11 made of resin is inserted 
into the opening airtightly. The hose 1 1 is connected to 
a cylindrical inflator 12 housing an igniter and an explo- 25 
sive and is also extended through the inside of the air- 
bag 10 along an upper periphery up to a front end of the 
airbag. The a plurality of gas supply ports are also pro- 
vided in the middle of hose 1 1 to uniformly supply a high 
pressure gas from the inflator 12 into the airbag 10 30 
through the gas supply ports.. 

[0037] Six fixing brackets 1 3, 1 3,.. , 1 3 are disposed 
to the upper periphery of the airbag 10 from the front 
end to rear end of the air bag with uniformly spacing 
apart respectively. As shown in detail in Fig. 3, each of 35 
the fixing brackets 13 is formed, for example, by bend- 
ing a steel sheet to clamp the upper periphery of the air- 
bag 10 and the hose 1 1 , and is also fastened to an inner 
panel 5a of the roof side rail 5 by a bolt 14. That is, the 
airbag 1 0 is fixed to the roof side rail 5 at the upper 40 
periphery of the air bag by the fixing bracket 13 and is 
also housed below the fixing bracket between the roof 
side rail 5 and a roof trim 16 with being folded . In Fig. 3, 
reference numeral 17 designates a seaming welt for 
covering a welding flange of the roof inner panel 5a and 45 
a roof outer panel 5b. A protruding rib 17a is formed on 
the seaming welt 17 to be engaged and held with a 
periphery of the roof trim 1 6. 

When the impact load is acted on the right side of the 
vehicle 1 and an ignition signal is then input from a sen- so 
sor (not shown) to the inflator 12, the airbag 10 is 
expanded by the high pressure gas supplied from the 
inflator 12 to push and open the roof trim 16. As shown 
in Figs. 4 and 5, the air bag is extended downward to 
restrain and protect a occupant's head and so prevent 55 
the occupant from being thrown out of the vehicle. As 
respectively shown in Figs.1 and 5, a non-expansive 
area 1 0a is provided by sewing right and left sheets of 



the airbag 10 each other at a portion positioned slightly 
rearward from a central portion of the airbag 10 to con- 
trol an excessive expansion of both the sheets. The 
non-expansive area is provided so as not to contact the 
occupant resulting in reduction of a volume of the airbag 
10, a time necessary for the expansion of the airbag, 
and the overall size of the device. 
[0038] In general, when the airbag 1 0 extended lon- 
gitudinally is widely expanded in the laterally direction in 
its expanded condition, the airbag 10 is likely to expand 
toward an occupant and to come in contact the occu- 
pant. Such a negative influence can be avoided by pro- 
viding the non-expansive area 10a in the airbag 10 to 
properly control a lateral expansion of the airbag. 
[0039] Tethers 18 and 19 (i.e. a front and rear con- 
necting members respectively) are attached to the front 
lower end and rear lower end of the airbag 10 respec- 
tively for pulling the airbag 10 in the longitudinal direc- 
tion in its expanded condition. That is, one end of the 
front tether 1 8 is attached to the front end of the airbag 
1 0 and another end of the front tether is fixed to a lower 
end of the front pillar 2. As shown in detail in Fig. 6, the 
end of the front tether 1 8 which is located near to the pil- 
lar is fixed to a buckle 20 which is attached rotatably to 
a bolt 22 together with a collar 21. Thus, the end is 
attached to an inner surface of an inner panel 2a of the 
front pillar 2 by the bolt 22. As shown in Fig. 2 in the 
housed condition of the airbag 1 0, the front tether 18 is 
disposed along the front pillar 2, while, in the expanded 
condition of the airbag 1 0, the front tether is rotated 
around the bolt 22 due to the downward extension of the 
lower end of the airbag 1 0. As a result, a condition in 
which the front tether is longitudinally extended as 
shown in Figs. 1 and 8 is created. 
[0040J One fixing bracket 1 3 is disposed in the mid- 
dle of the slant portion. One end of the rear tether 19 
which is shorter than the front tether 1 8 is sewed to the 
rear end of the airbag 10, i.e. the proximity of the open- 
ing into which the hose 11 is inserted. Another end of 
the rear tether 19 is rotatably attached to a lower end of 
the quarter pillar 4 via the buckle 20 as same as the 
front tether 18. When the airbag 10 is in its housed con- 
dition shown in Fig. 2, the front tether 1 8 is housed in 
the pillar trim 23 as shown in Fig. 7. The fixing bracket 
1 3 disposed in the rear end of the airbag 1 0 and the rear 
tether 19 are also housed in a pillar trim. This provides 
good appearance and an improved the commercial 
value. 

[0041] In Fig. 7, reference numerals 2a and 2b 
respectively designate a pillar inner panel and a pillar 
outer panel which make up a front pillar 2 having a 
closed section. A front window 25 is supported by the 
pillar outer panel 2b via a sealing member 24. A refer- 
ence numeral 26 designates a seaming welt for cover- 
ing a welding flange of the pillar inner panel 2a and the 
pillar outer panel 2b. A protruding rib 26a is formed on 
the seaming welt 26 for engaging with a periphery of the 
pillar turn 23 to hold it. 
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[0042] The of airbag 10 according to the present 
embodiment longitudinally extends as described above 
and is also not divided into a plurality of small bags as a 
conventional curtain type airbag, but is formed into one 
large bag as a whole. Accordingly, when the airbag 10 is 
transferred from its housed condition shown in Fig. 2 to 
its expanded condition shown in Fig. 1, the airbag 10 is 
not very reduced its length in the longitudinal direction, 
but is likely to generate a slack of the front tether 18 
which caused an insufficient longitudinal tension pro- 
vided to the airbag 10. This might cause a fear that, 
when the an impact load is acted on a body of a vehicle 
or the vehicle is then turned over, the occupant might 
deform the airbag 10 outward to be thrown out of the 
vehicle through the side window. 

[0043] Then, in the present embodiment, an ingen- 
ious device which is a feature of the present invention is 
exercised over a connecting structure between the front 
tether 1 8 and the front end of the airbag 1 0 so that a suf- 
ficient tension may be provided to the airbag 10 by 
absorbing the slack of the front tether 18 in the 
expanded condition of the airbag. Because of the struc- 
ture described above, even when the impact load is 
acted on the body of the vehicle or the vehicle is then 
turned over, the occupant can be protected so as to be 
secured within the compartment of the vehicle by the 
airbag 10 to in which the sufficient tension is provided. 
Thus a vehicle occupant protection performance can be 
improved. 

[0044] As particularly shown in Figs. 1 and 8, a hole 
1 0b is formed on the front end of the airbag 1 0 with pen- 
etrating the airbag 10 laterally. The end portion of the 
front tether 18 which is located near to the airbag 
extends with be wound around the expanding portion 
10c from a front right side of an expanding portion 10c 
positioned frontward more than the hole 1 0b. Then after 
the end portion passes through the hole 1 0b and then 
returns back frontward at an opposite left side, the end 
portion is sewn together to the seam 10d of the airbag 
10 with being wound around the left side of the expan- 
sion portion 10c. That is, the expanding portion 10c 
which is expanded in the expanded condition of the air- 
bag 10 is provided at the front end portion of the airbag 
1 0, the through-hole 1 0b is formed in the airbag 1 0 rear- 
ward more than the expanding portion 10c (in the direc- 
tion of central portion of the airbag 10), and the end 
portion of the front tether 1 8 which is located near to the 
airbag 10 is wound approximately one circle around the 
expanding portion 1 0c and then is fixed to the front edge 
of the airbag 10. 

[0045] According to the structure described above, 
when the housed airbag 10 is expanded, the expanding 
portion 10c located at the front end of the airbag 10 is 
also expanded. As shown in Fig. 8, the end portion of 
the front tether 18 is wound around the expanding por- 
tion 10c and the slack thereon is absorbed thoroughly. 
Accordingly, even if an amount of slack is generated on 
the front tether 1 8, it can be absorbed completely and a 



sufficient tension can be provided to the airbag 10. In 
addition, a load provided by the front tether 18 to the air- 
bag 10 is dispersed over a surrounding area of the 
expanding portion 10c, and thereby a reliability of the 

5 airbag 10 can be improved. The hole 10b and the 
expanding portion 10c of the airbag 10 and a fixing 
structure of the front tether to them correspond to a 
slack absorbing device S for absorbing the slack of the 
tether 18 in the expansion of the airbag 10. 

10 [0046] Therefore, in the occupant protection device 
of the vehicle A according to the present embodiment, 
when, for example, a vehicle collides to the right side of 
the vehicle 1 and the impact load which is higher than a 
predetermined value is acted on the vehicle , the igniter 

15 of the inflator 12 is set off in response to the input from 
the sensor to induce a fast-bum of the explosive and a 
great amount of gas generated thereby is introduced 
into the airbag 1 0 through the hose 11. Then the airbag 
10 is rapidly expanded and extended downward from 

20 the roof side rail 5 to cover the inside of the front and the 
rear side windows 7 and 9 and to provide a condition for 
protecting the occupant. 

[0047] At that time, the expanding portion 10c at the 
front end of the airbag 10 is expanded by the high pres- 

25 sure gas introduced therein with having approximately 
cylindrical shape. At this time, the expanding portion 
winds up the end portion of the front tether 18 to thor- 
oughly absorb the slack of the tether 1 8, so that the suf- 
ficient level of longitudinal tension can be provided to 

30 the airbag 10. Therefore, the restraint performance for 
the occupant can be secured without dividing the airbag 
1 0 into a plurality of small bags as the conventional cur- 
tain type airbag. 

[0048] Further, since the airbag 10 is not divided 
35 and thereby the seam is removed from a contact area 
with the occupant, the occupant protection performance 
of the airbag 1 0 can be improved as a whole. In addi- 
tion, since there is no need for sewing the airbag 10 to 
divide it and for sealing the sewed portion, a man-hour 
40 for these operations can be saved to reduce the manu- 
facturing cost significantly. 

[0049] Since the airbag 1 0 according to the present 
embodiment is expanded to cover both of the front and 
the rear side windows 7, 9 of the vehicle including a 

45 front seat area as well as a rear seat area, it widely 
extends in the longitudinal direction and is consequently 
to have a lower restraint in the lateral direction. There- 
fore, the present invention provides an extremely useful 
operational effect in which the slack of the tether 1 8 can 

so be absorbed by a simple structure as described above 
and the sufficient level of longitudinal tension can be 
provided to the airbag 10 with extremely longer length in 
the longitudinal direction. 

[0050] Further, in the present embodiment, since 
55 the periphery of the front tether 18 is sewed to the air- 
bag 10 using the original seam 10d together, there is no 
fear of a strength reduction of the airbag due to an 
increase of the sewing portion. 
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[0051] Although, in the embodiment described 
above, the end portion of the tether 18 in the airbag 10 
side is wound around the expanding portion 1 0c and the 
periphery of the end portion is sewed at the seams of 
the airbag 1 0 together, the sewing manner is not limited 5 
thereto. That is, the periphery of the front tether 18 may 
unnecessarily be sewed to a vicinity of the seam of the 
airbag 10. Alternatively, for example, the end portion of 
the tether 1 8 is not wound around the expanding portion 
10c, but may be simply sewed at a position which is 10 
expanded at least in the lateral direction. 

EMBODIMENT 2 

[0052] Figs. 9 to 11 show another embodiment in 75 
which a curtain type airbag device A according to the 
present invention is applied to a wagon type vehicle 30. 
Since the curtain type airbag device A according to this 
embodiment, is similar to that of the aforementioned 
embodiment in a schematic structure of the airbag 1 0, 20 
an attaching structure of the front tether 18 or the like, 
the similar members are represented by the similar ref- 
erence numerals and a description for them will be omit- 
ted. A feature of the curtain type airbag device A 
according to this embodiment is that a slack absorbing 25 
device S' for absorbing a slack of the rear tether 19 in 
the expansion of the airbag 1 0 is provided between the 
rear tether 19 and a rear pillar 31 . 
[0053] As shown in detail in Fig. 10, in the housed 
condition, the airbag 10 is folded and housed between 30 
the roof side rail 5 and the roof trim 16 as same as the 
case of the aforementioned embodiment, and also the 
rear tether 19 is housed between the rear pillar 31 and 
a pillar trim 32. In this condition, one end of the rear 
tether 19 which is located near to the airbag 10 is in a 35 
higher position than the other end of the airbag which is 
located near to the rear pillar 31 . 
[0054] The pillar trim 32 comprises a front frame 
member 33 and a rear panel member 34. Though not 
shown in detail, the frame member 33 is fixed to an 40 
inner panel of the rear pillar 31 by a bolt and is gradually 
protruded into the compartment along an upper side to 
a lower side to form a bank portion 33a at a lower end 
thereof with protruding toward an inside of the compart- 
ment. Further this frame member 33 has high rigidity 45 
capable of resisting an expanding force of the air bag 
10. The panel member 34 is engaged with a rear 
periphery of the frame member 33 at a front end thereof 
and is held so as to fit an inside of the rear pillar 31 . 
[0055] When a high pressure gas is supplied from 50 
the inflator 12 and the airbag 1 0 is expanded as shown 
in Fig. 1 1 , the airbag 10 pushes and opens the roof trim 
1 6 and extends downward into the compartment. Then, 
the rear tether 19 attached to a lower portion of the air- 
bag 10 also pushes open the panel member 34 of the 55 
pillar trim 32 to move downward as shown by chain lines 
in the same drawing. At that time, since the rear tether 
1 9 always moves downward along the frame member 



33, the rear tether 19 is pushed toward the inside of the 
compartment as the airbag 1 0 is expanded, and eventu- 
ally is pushed by the bank portion 33a of the frame 
member 33 toward the inside of the compartment to be 
formed into approximate L-shape as shown by real lines 
in the same drawing when the airbag 10 is completely 
expanded. 

[0056] Accordingly, in this embodiment, since the 
rear tether 1 9 is pushed out toward the inside of the 
compartment along the frame member 33 by a down- 
ward expanding force of the airbag 10, the slack of the 
rear tether 19 can be absorbed and a sufficient tension 
is provided to the rear tether. Thus, the same opera- 
tional effect with that of the aforementioned embodi- 
ment can be achieved, which allows to accomplish an 
improvement of the occupant protection performance 
as well as a cost reduction of the airbag 1 0, while secur- 
ing a occupant restraint performance. In addition, the 
vehicle occupant protection device performance of the 
airbag 10 can be further improved by providing a force, 
which directs the airbag toward the inside of the com- 
partment, to the airbag 1 0 via the rear tether 1 9. 
[0057] The frame member 33 corresponds to a 
guide member for guiding the rear tether 19 in the 
expansion of the airbag 10, and a slack absorbing 
device S' is configured by the frame member 33, the 
bank portion 33a formed on the lower end thereof and 
an arrangement and structure of the rear tether 19. 
Since the slack absorbing device S" has no necessity to 
form the through-hole 10b on the airbag 10 as of the 
slack absorbing device S applied to the front end of the 
airbag 10, such a problem as to increase the seams in 
the airbag or to make the structure thereof complicated 
can be avoided. 

EMBODIMENT 3 

[0058] Figs. 12 and 13, show an inside of a com- 
partment of a vehicle equipped with an occupant pro- 
tection device A according to an embodiment of the 
present invention illustrating in an expanded condition 
of an airbag by Fig. 12 and a housed (un-expansion) 
condition of the airbag by Fig. 13. 
[0059] In Figs. 12 and 13, reference numeral 1 gen- 
erally designates a body of the vehicle in which a com- 
partment 1a of the vehicle is formed therein. The body 
comprises a front pillar 2 inclined rearward, a center pil- 
lar 3 extended vertically, a rear pillar 4 inclined front- 
ward, a roof connected to each upper end of pillars 2 to 
4 and a floor by a roof rail 5 . A front window glass 25 is 
fit in a front window 7 which employs the front pillar 2 
and a front-half of the roof as a part of a window frame. 
A rear window glass is fit in a rear window 71 which 
employs the rear pillar 4 and a rear-half of the roof as a 
part of a window frame. 

[0060] Reference numeral 75 designates a front 
seat (driver's seat) installed in a front side of the com- 
partment of the vehicle, on which a driver P1 as an 
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occupant takes a seat. Reference numeral 77 desig- 
nates a steering wheel disposed on front of the front 
seat 75, reference numeral 78 designates an instrument 
panel disposed on a front end of the compartment of the 
vehicle, and reference numeral 79 designates a floor 
console installed on the floor next to the front seat 75. 
Reference numeral 81 designates a rear seat installed 
in a rear portion of the vehicle compartment, on which 
an occupant P2 takes a seat. 

[0061] In a left and right sides (the right side is 
shown in the drawing) of the vehicle body 1 , a front door 
85 is fit in an front opening 84 defined by the front pillar 
2, the center pillar 3, the roof and the floor so as to be 
opened and closed. A rear door 89 is fit in a rear open- 
ing 88 defined with the center pillar 3, the rear pillar 4, 
the roof and the floor so as to be opened and closed. A 
window 86, 90 is formed on an upper portion of the door 
85, 89 in which a window glass 97, 91 is opened and 
closed (a rear-half portion of the window 90 of the rear 
door 89 is a fixed sash window where the window glass 
91 cannot be opened). Thus, the front pillar 2 is dis- 
posed on a front side of the window 86 of the front door 
85 extending approximately vertically along a front edge 
of the front window 86. The rear pillar 4 is disposed on 
a rear side of the window 90 of the rear door 89 extend- 
ing approximately vertically along a rear edge of the 
rear window 90. The roof rail 5 (which is a part of the 
roof) is disposed on respective upper ends of the front 
pillar 2, the center pillar 3 and the rear pillar 4 so as to 
connect them each other extending along a longitudinal 
direction of the vehicle body. The rear pillar 4 is dis- 
posed so as to be located in a side of the occupant P2 
seated on the rear seat 81 . 

[0062] As shown in Figs. 1 4, 1 6-1 8 and 20, each of 
"the front pillar 2, the roof rail 5 and the rear pillar 4 is 
formed by uniting an outer panel 73 positioned on an 
outer side of the vehicle compartment and an inner 
panel 74 positioned on an inner side of the vehicle com- 
partment into one body at a edge of the openings on the 
side of the vehicle body 1. A seaming welt 93 is 
engaged with and fixed to this united edge. This seam- 
ing welt 93 includes an engaging rib 93a which com- 
prises a protruded line projecting toward an inside of the 
vehicle compartment. A front pillar trim 95 is disposed 
on a side of the vehicle compartment of the front pillar 2 
(i.e. a surface of the inner panel 74) which is a part of 
the vehicle body 1 , in order to cover the inner panel 74. 
A center pillar trim 96 and a rear pillar trim 97 are 
respectively disposed on the center pillar 3 and the rear 
pillar 4 at the side of the vehicle compartment to cover 
the inner panel 74. A roof trim 98 is disposed on the roof 
rail 5 at the side of the vehicle compartment (lower side) 
to cover the inner panel 74. Each edge of the trims 95- 
98 is engaged with and fixed to the engaging rib 93a of 
the seaming welt 93. 

[0063] A predetermined width of space is provided 
between the inner panel 74, which is of the front pillar 2, 
the rear pillar 4 and the roof rail 5, and each of the trims 



95, 97, 98, i.e. each interior of the trims 95, 97, 98. In 
this space, an airbag 1 0 which is expanded when an 
impact load is acted on the side of the vehicle body 1 is 
folded and housed. The airbag 10 is housed within the 

5 range from the upper end of the front pillar 2 through the 
roof rail 5 to the upper end of the rear pillar 4 along 
therewith (see Fig. 7). A gas supply pipe 45 is inserted 
into and through an upper end of the airbag 1 0 to con- 
tinuously extending throughout the airbag 10. The gas 

io supply pipe is fixedly attached to the vehicle body 1 
(front pillar 2, roof rail 5 and rear pillar 4) through a plu- 
rality of brackets 47, 47..., 47 by a plurality of bolts 48, 
48.. .,48. Then the airbag 10 is fixedly supported by the 
front rail 2, the roof rail 5 and the rear pillar 4 through the 

75 gas supply pipe 45. A front end portion of the gas supply 
pipe 45, which is a closed end, is extended up to the 
upper end of the front pillar 2. On the other hand, a rear 
end portion of the gas supply pipe 45 is extended down- 
ward along the rear pillar 4 and is connected to an infla- 

20 tor 49 (gas generator) disposed in a middle of the center 
pillar 4. A plurality of discharge ports 46, 46..., 46 are 
formed on and along the gas supply pipe 45 (the plural- 
ity of discharge ports 46, 46..., 46 are represented by 
dots in Fig. 13 to show only their positions). In particular, 

25 three discharge ports 46, 46, 46 which are dispersed 
with approximately uniform interval are formed in a por- 
tion disposed on the roof rail 5 above the front door 85. 
Other three discharge ports 46, 46, 46 are also formed 
in a portion disposed between the roof rail 5 above the 

30 rear door 89 and a portion above the rear pillar 4. A gas 
generated by the actuation of the inflator 49 is intro- 
duced into the airbag 1 0 through the gas supply pipe 45 
and the discharge ports 46, 46..., 46 of the gas supply 
pipe to expand the airbag 1 0. Then each of the trims 95, 

35 97, 98 is disengaged from the engaging rib 93a of the 
seaming welt 93 by the expansion of the airbag 10 to 
make an opening between a edge of each of the trims 
95, 97,98 and the inner pane! 74 so that the airbag 10 
can be expanded into the compartment through these 

40 openings. 

[0064] As shown in Fig. 12, the airbag 10 has a first 
expansion area 42 which is expanded to cover the win- 
dows 86, 90 of the front door 85 and the rear door 89 
continuously. As shown in Fig. 19, a rear end of a flat 

45 belt type front connecting member 51 is sewed and fix- 
edly attached to a front lower end of the first expansion 
area 42 of the airbag 10, and a front end of front con- 
necting member 51 is also connected to a front rotary 
hook 52. The front rotary hook 52 is rotatably connected 

so to the inner panel 74 of the front pillar 3 by a connecting 
bolt 53. The front rotary hook is rotated together with the 
front connecting member 51 around the connecting bolt 
53 as the first expansion area 42 of the airbag 10 is 
expanded. Thus the front pillar trim 95 is disengaged 

55 from the engaging rib 93a of the seaming welt 93 and 
the edge of the front pillar trim 95 is moved toward the 
vehicle compartment and eventually the front connect- 
ing member 51 is moved into the vehicle compartment 
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through the opening between the edge of the front pillar 
trim 95 and the inner panel 74. 

[0065] On the other hand, as shown in Fig. 14, a 
front end of a rear connecting member 54 having a sim- 
ilar shape to the front connecting member 51 is sewed 
and fixedly attached to a rear lower end of the first 
expansion area 42 of the airbag 1 0. A rear end of the 
rear connecting member is also connected to a rear 
rotary hook 55. This rear rotary hook 55 is similar to the 
front rotary hook 52. The rear rotary hook is rotatably 
connected to the inner panel 74 positioned frontward 
more than the rear pillar 5 through a connecting bolt 56. 
The rear rotary hook is rotated together with the rear 
connecting member 54 around the connecting bolt 56 
as the first expansion area 42 of the airbag 10 is 
expanded. Thus the rear pillar trim 97 is disengaged 
from the engaging rib 93a of the seaming welt 93 and 
the edge of the rear pillar trim 97 is moved toward the 
inside of the compartment Eventually the rear connect- 
ing member 54 is moved into the inside of the vehicle 
compartment through the opening between the edge of 
the rear pillar trim 37 and the inner panel 74. 
[0066] The rear end of the front connecting member 
51 is passed through a square opening 42a formed on 
a front lower end of the first expansion area 42 of the air- 
bag 10 from an outer side with respect to the vehicle 
compartment, and then is turned frontward and sewed 



to a front side portion of the opening 42a. On the other 
hand, the front end of the rear connecting member 54 is 
passed through an opening 44 formed between the rear 
lower end of the first expansion area 42 of the airbag 1 0 
and a front lower end of a second expansion area 43 
described later from an outer side with respect to the 
vehicle compartment, and then is turned frontward and 
sewed to a front side of the opening 44 (first expansion 
area 42). Each of the connecting members 51, 54 is 
pulled toward the airbag 10 by the expansion of the air- 
bag to make a substantial length of the connecting 
members 51 , 54 shorten. Thus, a longitudinal tension to 
a lower portion of the airbag 1 0 is provided by this short- 
ened length of the connecting members. A position to 
which the tension is provided is set in an effective 
height, for example, a height at which an impact at the 
time when the occupant P1, P2 in the vehicle compart- 
ment secondarily collides with the window glass 27,31 
can be absorbed or the occupant P1, P2 can be pre- 
vented from being thrown out of the compartment. 
[0067] The airbag 10 also has the second expan- 
sion area 43 which is to be expanded in a rear side of 
the fixing portion of the rear connecting member 54 to 
the airbag 1 0 to cover approximately all of the rear pillar 
4. The second expansion area is connected to a rear 
end of the first expansion area 42 with allowing the gas 
communication therebetween. The opening 44 is 
formed between the areas 42 and 43. That is, the sec- 
ond expansion area 43 of the airbag 10 is expanded to 
overlap with the rear pillar 4 located on the side of the 
occupant P2 seated on the rear seat 81 when viewed 



from the side of the vehicle. As shown in Fig. 14, the 
rear end portion of the first expansion area 42 and sec- 
ond expansion area 43 of the airbag 10 and the rear 
connecting member 54 are housed in the rear trim 97 

5 (in a space between the rear trim 97 and the inner panel 
74 of the rear pillar 4) and these are run out from a front 
end of the rear trim 97 in the expansion of the airbag. 
[0068] As shown in Fig. 1 5, on the inner panel 74 of 
the roof rail 5 on the rear pillar 4, the rear pillar trim 97 

10 covering the rear pillar 4 and the roof trim 98 covering 
the roof rail 5 are disposed with overlapping a edge of 
the roof trim 98 onto a edge of the rear pillar trim 97. A 
guide recess 58 is formed on the inner panel 74 at a 
portion corresponding to an overlapping of the trims 97 

15 and 98. The second expansion area 43 of the airbag 1 0 
is fold and housed in the guide recess 58 to guide an 
expanding direction of the second expansion area 43. 
Thus, when the second expansion area 43 of the airbag 
1 0 is expanded, the expanding airbag 10 pushes out the 

20 edge of the roof trim 98 which is overlapped to the rear 
pillar trim 97, via the rear pillar trim 97 to expand into the 
vehicle compartment. 

[0069] A part of the gas supply pipe 45 is inserted 
into and through the second expansion area 43 of the 
25 airbag 1 0. Two discharge ports 46, 46 are formed in this 
inserted area (i.e. upper side of the rear pillar 4). That is, 
though a volume of the secon d expansion area 43 is 



smaller than that of the first expansion area 42, the 
number of the discharge port 46 per unit volume of the 
30 second expansion area 43 is larger than that of the first 
expansion area 42. Accordingly the second expansion 
area 43 of the airbag 10 is expanded more quickly than 
the first expansion area 42. 

[0070] In addition, since the inflator 49 is disposed 

35 on a lower end portion of the rear pillar 4, the gas is 
introduced into the gas supply pipe 45 from a rear side 
of the vehicle body 1, which also assist an earlier 
expansion of the second expansion area 43 of the air- 
bag 10 comparing with the first expansion area 42. 

40 [0071] As shown in Fig. 1 2, an airbag control unit 60 
for controlling an actuation of the inflator 49 is disposed 
on the instrument panel 1 8, and an impact sensor 61 for 
detecting an impact in the side impact of the vehicle is 
disposed on a lower portion of the center pillar 4. 

45 [0072] A non-expansive area 42b is formed on the 
first expansion area 42 of the airbag 10 at a portion 
positioned approximately corresponding to a front por- 
tion of the window 90 of the rear door 89. The non- 
expansive area 42b is formed by sewing an outer side 

so sheet and an inner side sheet of the airbag 10 together 
so as to almost came in contact with each other. This 
prevents an excessive lateral expansion of the airbag 
1 0, and therefore an inner surface of the airbag 1 0 can 
be prevented from coming close to the occupant. 

55 [0073] Accordingly, in this embodiment, when the 
impact load is acted on the side of the vehicle 1 in the 
side impact of the vehicle or the like, the impact sensor 
61 detects it, and, upon receiving an output signal from 
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the impact sensor 61 , the airbag control unit 60 actuates 
the inflator 49 to generate a high pressure gas. This 
high pressure gas is introduced into the airbag 10 
through the gas supply pipe 45 and the discharge ports 
46, 46,... formed on the gas supply pipe to expand the 5 
airbag 10. Thus the expanding airbag 10 disengages 
each of the trims 95, 97, 98 from the engaging rib 93a of 
the seaming welt 93 and then expands through the 
opening between each of the trims 95, 97, 98 and the 
inner panel 74 into the compartment. 10 
[0074] The airbag 1 0 is expanded separately into 
the first expansion area 42 covering most area and the 
second expansion area 43 covering rear end area. 
Hereat the first expansion area 42 is expanded to cover 
the windows 86, 90 of the front and the rear doors 85, 15 
89. Due to the expansion of the first expansion area 42 
of the airbag 10, each of the front and the rear connect- 
ing members 51, 54 is run out into the compartment 
through the opening between the edge of the pillar trim 
95, 97 and the inner panel 74 respectively and is pulled 20 
by the airbag 10. Thus the longitudinal tension is pro- 
vided to the lower portion of the airbag 10 by the con- 
necting members 51 and 54. This makes it possible to 
absorb the impact generated by the secondary collision 
of the occupants P1 , P2 toward the window glasses 87, 25 
91 and to prevent the occupants P1, P2 from being 
thrown out of the windows 86, 90. 
[0075] On the other hand, the second expansion 
area 43 of the airbag 1 0 is expanded in the rear side of 
the first expansion area 42 to cover almost all of the rear 30 
pillar 4. According to this, when the occupant P2 seated 
on the rear seat 81 secondarily collides with the rear pil- 
lar 4, the impact to the occupant P2 can be absorbed 
and mitigated by the second expansion area 43. Since 
the second expansion area 43 is expanded in a rear 35 
side area of the fixing portion of the rear connecting 
member 54 to the airbag 10 and makes a soft area 
where no longitudinal tension is provided by the front 
and the rear connecting members 51, 54, the second 
expansion area 43 provides an impact absorbing char- 40 
acteristic superior to that of the first expansion area 42 
where the tension is provided by the connecting mem- 
bers 51, 54. In addition, since the rear pillar 4 is dis- 
posed on the side of the occupant P2 seated on the rear 
seat 81 and the second expansion area 43 of the airbag 45 
1 0 is expanded so as to overlap with the rear pillar 4 
when viewed from the side of the vehicle, a reaction 
force of the impact generated by the collision of the 
occupant P2 seated on the rear seat 81 toward the rear 
pillar 5 when the impact load is acted on the side of the so 
vehicle body 1 can be supported by the rear pillar 4. 
Thereby, the impact on the occupant P2 seated on the 
rear seat 81 can be surely absorbed and mitigated. 
[0076] A rear end portion of the first expansion area 
42 and the second expansion area 43 of the airbag 10 55 
and the rear connecting member 54 are housed in the 
pillar trim 97 covering the rear pillar 4 in the vehicle 
compartment, and are run out the front end of the rear 



pillar trim 97 to be expanded into the compartment. 
Thus, both of the rear end portion of the first expansion 
area 42 of the airbag 10 to be expanded in a front side 
of the front end of the rear pillar trim 97 and the second 
expansion area 43 to be expanded in a rear side of the 
front end of the rear pillar trim 97 can be housed to be 
hidden from the inside of the vehicle compartment, and 
thereby the airbag 10 can be housed while keeping 
good appearance. 

[0077] The second expansion area 43 of the airbag 
10 is expanded earlier than the first expansion area 42. 
This makes it sure further to protect the occupant P2 
seated on the rear seat 81 even when the rear pillar 4 is 
protruded more toward the vehicle compartment com- 
paring with the windows 86, 90 of the front and the rear 
doors 85, 99 by the rear pillar trim 97 and is located 
closer to the occupant P2 seated on the rear seat 81 , 
because the second expansion area 43 positioned cor- 
responding to the rear pillar 5 which is disposed close to 
the occupant P2 is expanded earlier. 
[0078] In the above embodiment, while the rear 
connecting member 54 is connected to the rear end of 
the first expansion area 42 of the airbag 10 and the sec- 
ond expansion area 43 of the airbag 10 is t also 
expanded rearward more than the fixing portion where 
the rear connecting member 54 is fixed to the airbag 1 0, 
another arrangement may be alternatively employed. 
That is, the rear connecting member 54 may be. con- 
nected to the rear end of the second expansion area 43 
of the airbag 10, and the second expansion area 43 of 
the airbag 1 0 may be expanded into the vehicle com- 
partment positioned rearward more than an exit portion 
through which the first expansion area 42 is expanded 
into the vehicle compartment 2. In this case, when the 
airbag 1 0 is expanded, the impact at the time when the 
occupant P2 seated on the rear seat 81 secondarily col- 
lides with the rear pillar 5 can be absorbed and miti- 
gated by the second expansion area 43. 
[0079] While, in the above embodiment, the second 
expansion area 43 of the airbag 1 0 is expanded to cover 
almost of all the rear pillar 5, it may be expanded to 
cover at least a part of the rear pillar 4. 
[0080] Though, in the above embodiment, the air- 
bag 10 is housed along the front pillar 2, the roof rail 5 
and the rear pillar 4 of the vehicle body 1, it may be 
housed at least along the roof rail 5. 
[0081] Though, in the above embodiment, the 
impact at the time when the occupant P2 seated on the 
rear seat 81 secondarily collides with the rear pillar 5 
disposed on the side of the occupant is absorbed by the 
second expansion area 43 of the airbag 1 0, this concept 
may be applied to another case where the impact at the 
time when the occupant P1 seated on the front seat 75 
secondarily collides with the center pillar 3 may be 
absorbed in the same manner on the assumption that 
the center pillar 3 is replaced by a virtual rear pillar 4. 
[0082] Further, the present invention is not limited 
to the vehicle of the above embodiment having two 
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doors 85, 86 on a side of the vehicle body 1 , but may be 
applied to any type of vehicle having a rear pillar in a 
rear side of the window including a vehicle having one 
door in a side thereof. 

[0083] The present invention is not limited to the 5 
embodiments described above, but includes various 
types of possible embodiments. That is, though the 
slack absorbing device S for absorbing the slack of the 
tether is applied to the front side of the airbag 1 0 in the 
one embodiment and another type slack absorbing 10 
device S' is applied to the rear side of the airbag 1 0 in 
another the embodiment, the arrangement is not limited 
to these manners, but either of the slack absorbing 
devices S or S' can be applied to either of the front or 
the rear side of the airbag. 15 
[0084] As described above, according to the occu- 
pant protection device for a vehicle of the present inven- 
tion, there is provided a curtain type airbag device in 
which the airbag is expanded from the roof side rail 
downward to cover the inside of the side window when 20 
the impact load is acted on the side of the vehicle, 
wherein the front and rear connecting members are 
respectively attached to the front lower portion and the 
rear lower portion of the airbag for connecting the airbag 
to the body of the vehicle and the slack absorbing 25 
device is provided to at least one of the connecting 
members for absorbing the slack of the connecting 
members in the expansion of the airbag to pull the air- 
bag in the longitudinal direction by the front and rear 
connecting members and to provide the sufficient ten- 30 
sion to the connecting members. Accordingly there is no 
need to divide the airbag into a plurality of small bags. 
This results in a reduction of the seams on the airbag, 
and thereby the occupant protection performance can 
be improved and the manufacturing cost can be 35 
reduced. 

[0085] In a preferable embodiment according to the 
invention, the expansion portion disposed in the end of 
the airbag is expanded and the end portion of the con- 
necting member attached to the expanding portion is 40 
displaced at least along the lateral direction, and 
thereby the slack of the connecting member is absorbed 
and the sufficient tension can be provided to the airbag. 
[0086] In another preferable embodiment according 
to the invention, the expanding portion disposed in the 45 
end of the airbag is expanded and the end portion of the 
connecting member is wound around the expanding 
portion, and thereby, even when there is an amount of 
slack of the connecting member, the slack can be com- 
pletely absorbed and the sufficient tension can be pro- 50 
vided to the airbag. In addition, since a load provided by 
the connecting member to the airbag is dispersed over 
a surrounding area, a reliability of the airbag can be 
improved. 

[0087] In further preferable embodiment according 55 
to the invention, the possible deterioration of the occu- 
pant protection performance in case where the slack 
absorbing device is applied to the airbag can be cer- 



tainly avoided by applying the slack absorbing device 
between the connecting member and, the vehicle body. 
[0088] In still further embodiment according to the 
invention, since the connecting member is guided to 
make the connecting member bend in order to absorb 
the slack thereon when the end portion of the connect- 
ing member which is located near to the airbag is 
moved downward in the expansion of the airbag, the 
sufficient tension can be provided to the airbag. 
[0089] In a preferable embodiment according to the 
invention, since the connecting member is pushed by 
the bank portion in the inward direction with respect to a 
compartment of said vehicle to make the connecting 
member bend and the whole airbag is pushed in the 
inward direction with respect to a compartment of said 
vehicle via the connecting member in the expanded 
condition of the airbag, the occupant restraint perform- 
ance can be further improved. 

[0090] In a further embodiment according to the 
invention, the possible deterioration of the shock 
absorbing performance can be avoided by sewing the 
airbag side end portion of the connecting member to the 
vicinity of the seams of the airbag and also the possible 
deterioration of the strength can be avoided by sewing it 
together on the seams of the airbag. 
[0091] In a preferable embodiment according to the 
invention, since the connecting members are hidden 
behind the interior members, the appearance quality 
and commercial value can be improved. In a further 
preferable embodiment according to the invention, in 
the airbag widely extending in the longitudinal direction 
so as to protect the occupants on the front seat and on 
the rear seat together, absorbing the slack of the con- 
necting members to provide a sufficient tension to the 
airbag is quite effective. 

[0092] As described above, in one aspect accord- 
ing to the invention, the vehicle includes: a front pillar 
and a rear pillar disposed on a front and rear sides of a 
side window of the vehicle respectively, the front and 
rear pillars being extended approximately vertically 
along the front and rear edges of the side window 
respectively; and a roof rail extended in the longitudinal 
direction of the vehicle to connect respective upper 
ends of the front and rear pillars, further the occupant 
protection device comprising: an airbag including a first 
expansion area which is housed along at least the roof 
rail and is expanded into a compartment of the vehicle 
to cover the side window when an impact load is acted 
on a side of the vehicle; and a connecting member con- 
nected between a rear portion of the first expansion 
area of the airbag and a body of the vehicle positioned 
on a rear side of the first expansion area for providing a 
longitudinal tension to a lower portion of the airbag in 
the expansion of the airbag, wherein the airbag includes 
a second expansion area which is expanded rearward 
more than a fixing portion where the connecting mem- 
ber is fixed to the airbag. In one aspect according to the 
invention, the airbag includes a second expansion area 
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which is expanded into a compartment of the vehicle 
positioned rearward more than an exit portion through 
which the first expansion area is expanded into the com- 
partment of the vehicle. Further, In one embodiment , 
the second expansion area of the airbag is adapted to 5 
be expanded to cover at least a part of the rear pillar. 
According to the inventions described above, when the 
impact load is acted on the side of the vehicle, the 
impact at the time when the occupant secondarily col- 
lides with the window glass can be absorbed and the y 0 
occupant can also be prevented from being thrown out 
of the window by the first expansion area of the airbag. 
In addition, the impact at the time when the occupant 
secondarily collides with the rear pillar on the rear side 
of the window can be absorbed and mitigated by the 15 
second expansion area of the airbag. Thereby the occu- 
pant can be surely protected further. In particular, 
according to the invention, since the second expansion 
area is an area where no longitudinal tension is pro- 
vided by the connecting member and thereby provides 2 o 
an impact absorbing characteristic superior to that of . 
the first expansion area, the impact on the occupant can 
be surely absorbed. 

[0093] In another embodiment, since the rear pillar 2. 
is adapted to dispose on a side of an occupant seated 25 
on a rear seat of the vehicle; and the second expansion 
area of the airbag is adapted to be expanded to overlap 
with the rear pillar when viewed from a side of the vehi- 
cle, the reaction force at the time when the occupant 
collides with the rear pillar after the impact load is acted 30 
on the side of the vehicle body is recieved by the rear 
pillar and thereby the impact can be surely absorbed. 
[0094] In other embodiment, since a rear end por- 
tion of the first expansion area of the airbag, the second 
expansion area of the airbag and the connecting mem- 35 
ber are housed at least in the rear pillar trim and are 
adapted to be expanded with running out from a front 3. 
end of the rear pillar trim to an outside of the rear pillar 
trim in the expanded condition of the airbag, the airbag 
can be hidden behind the trim in its housed condition 40 
with excellent appearance of the compartment of the 
vehicle. 

[0095] In further embodiment, since the second 
expansion area of the airbag is adapted to be expanded 
earlier than the first expansion area, the occupant can 45 
be surely protected further even when the rear pillar is 
protruded more toward the inside of the compartment of 
the vehicle comparing with the window and is located 
closer to the occupant by the rear pillar trim. 

50 

Claims 

1. In an occupant protection device of a vehicle, 
wherein said vehicle includes a front side pillar and 
a rear side pillar disposed on front and rear sides of 55 
a side window of said vehicle respectively, and a 
roof side rail longitudinally extended to connect 
respective upper ends of said both pillars each 4. 



other, and said occupant protection device includes 
an airbag which is folded and housed in the range 
from said front side pillar to said rear side pillar 
through said roof side rail so that said airbag is 
expanded to cover an inside of said side window 
when an impact load is acted on a side of said vehi- 
cle, the improvement comprising: 

an upper edge of said airbag fixed to at least 
said roof side rail; 

a front connecting member for connecting a 
front lower end of said airbag to a body of said 
vehicle positioned frontward more than said 
side window; 

a rear connecting member for connecting a 
rear lower end of said airbag to a body of said 
vehicle positioned rearward more than said 
side window; and 

a slack absorbing device attached, to at least 
one of said front and rear connecting members 
for absorbing a slack in said connecting mem- 
bers in an expanded condition of said airbag. 

An occupant protection device of a vehicle in 
accordance with claim 1, wherein said slack 
absorbing device includes; 

an expanding portion which is formed-in at 
least one of the front and rear ends of said air- 
bag and is expanded in the expansion condi- 
tion of said airbag, and 

at least one of said connecting members 
includes an end which is fixed to at least an 
area where said expanding portion is laterally 
expanded. 

An occupant protection device of a vehicle in 

accordance with claim 1 , 

wherein said slack absorbing device includes; 

an expanding portion which is formed in at 
least one of the front and rear ends of said air- 
bag and is expanded in the expansion condi- 
tion of said airbag, 

a hole which is formed in said airbag positioned 
in the central direction more than said expand- 
ing portion with laterally penetrating said air- 
bag, and 

at least one of said connecting members 
includes an end which is passed through said 
hole from either of the left and right sides of 
said expanding portion to the opposite side of 
said expanding portion and is fixed at said 
opposite side of said expanding portion with 
being wounding around said opposite side of 
said expanding portion. 

An occupant protection device of a vehicle in 
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accordance with one of the preceding claims, 
wherein said slack absorbing device is disposed 
between at least one of said connecting members 
and a body of said vehicle. 

5 

5. An occupant protection device of a vehicle in 
accordance with claim 4, wherein at least one of 
said connecting members includes a first end con- 
nected to said airbag and a second end connected 

to said body, said first end being disposed upward 10 
more than said second end in the housed condition 
of said airbag, and 

said slack absorbing device includes a guide 
member for guiding said at least one of said 15 
connecting members with making said at least 
one of said connecting members bend when 
said first end is moved downward in the expan- 
sion condition of said airbag. 

20 

6. An occupant protection device of a vehicle in 
accordance with claim 5, wherein said guide mem- 
ber includes a bank portion for pushing said at least 
one of said connecting members in the inward 
direction with respect to a compartment of said 25 
vehicle in the expansion condition of said airbag. 

7. An occupant protection device of a vehicle in 
accordance with claim 1, wherein at least one of 
said connecting member includes an end con- 30 
nected to the airbag side, said end being sewn to 
said airbag at or in the vicinity of a seam of said air- 
bag. 

8. An occupant protection device of a vehicle in 35 
accordance with claim 1 , wherein each of said front 
and rear connecting members is housed between a 
pillar of said body and an interior member of said 
pillar in the housed condition of said airbag. 

40 

9. An occupant protection device of a vehicle in 
accordance with one of the preceding claims, 
wherein said vehicle includes: a plurality of seats 
disposed longitudinally, said plurality of seats hav- 
ing a front seat and a rear seat positioned rearward 45 
with respect to said front seat; 



one of the preceding claims, wherein said vehicle 
includes: a front pillar and a rear pillar disposed on 
a front and rear sides of side window of said vehicle 
respectively, said front and rear pillars being 
extended approximately vertically along said front 
and rear edges of said side window respectively; 
and a roof rail extended in the longitudinal direction 
of said vehicle to connect respective upper ends of 
said front and rear pillars, said occupant protection 
device comprising: 

an airbag including a first expansion area 
which is housed along at least said roof rail and 
is expanded into a compartment of said vehicle 
to cover said side window when an impact load 
is acted to a side of said vehicle; and 
a connecting member connected between a 
rear end of said airbag and a body of said vehi- 
cle positioned on a rear side of said airbag for 
providing a longitudinal tension to a lower por- 
tion of the airbag in the expansion of said air- 
bag, wherein said airbag includes a second 
expansion area which is expanded into a com- 
partment of said vehicle positioned rearward 
more than an exit portion through which said 
first expansion area is expanded into said com- 
partment of said vehicle. 

11- An occupant protection device in accordance with 
either of the preceding claims, wherein said rear pil- 
lar is adapted to dispose on a side of an occupant 
seated on a rear seat of said vehicle; and said sec- 
ond expansion area of said airbag is adapted to be 
expanded to overlap with said rear pillar when 
viewed from a side of said vehicle. 

12. An occupant protection device in accordance with 
either the preceding claims, wherein said second 
expansion area of said airbag is adapted to be 
expanded earlier than said first expansion area. 



a front pillar positioned frontward more than 
said front seat; and a quarter pillar extending 
from the vicinity of the lateral side of said rear so 
seat to the rear side of said rear seat, wherein; 
said front side pillar is said front pillar, 
said rear side pillar is said quarter pillar; and 
said airbag is expanded to cover a side window 
disposed between said front pillar and said 55 
quarter pillar. 

10. An occupant protection device in accordance with 
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